Objective: To evaluate the quantity of prenatal care as a risk factor for giving birth to low birth weight (LBW), preterm, and small for gestational age (SGA) infants in a sample of women diagnosed with depressive disorder.
Original Research
T he role of depression in the etiology of poor birth outcome such as LBW, preterm delivery, or SGA infants has been studied for many years. As antenatal depression has a prevalence ranging from 5% to 17%, [1] [2] [3] it is important to evaluate and identify its effects on birth outcomes. Some research has suggested that depression and associated stress during pregnancy are associated with poor neonatal outcomes. Although some studies have demonstrated this association, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] others failed to observe evidence of a link between depression and poor pregnancy outcomes. [14] [15] [16] [17] Inconsistent results from such studies may be owing to the sample size of the studies, the ability to control for multiple confounding variables, quality of data, and the availability of modern obstetric care. Moreover, such studies often overlook the role prenatal care plays in pregnancy outcomes. Prenatal care allows physicians to identify nonobstetric and obstetric conditions and may reduce perinatal morbidity by addressing behavioural factors that contribute to poor outcomes. Prenatal care has been recommended for modifying behaviours of women that impact pregnancy outcomes. 18, 19 Several studies employing prenatal care use indices have demonstrated an association between inadequate prenatal care and preterm birth or LBW. [20] [21] [22] [23] Our previous study (see Lin et al 24 ) found that in comparison with unaffected women, pregnant women with a history of depression made fewer prenatal care visits in Taiwan. However, to our knowledge, no study has attempted to investigate the association between the number of prenatal care visits and pregnancy outcomes in women with a history of depressive disorder. Such information may help psychiatrists and obstetricians develop effective strategies to promote maternal and infant health among this group of women. Our study therefore aims to evaluate the quantity of prenatal care as a risk factor for LBW, SGA, and preterm birth, using a sample of Taiwanese women with a history of depressive disorder drawn from a 3-year, nationwide, population-based dataset.
Methods

Database
Two nationwide population-based datasets were used in our study. The first was the NHIRD of Taiwan's NHI program, which was started in 1995 to finance health care for all legal residents of the island. Taiwan's NHI program currently  provides care for over 22 million enrollees, representing  about 99% of the Taiwan population. The NHIRD includes  all inpatient and ACC medical claims data, as well as  registries (of contracted medical facilities, board-certified  specialists, and beneficiaries) . It thus allows us to trace all use of medical services by enrollees, providing a unique opportunity to explore the relation between use of prenatal care and adverse pregnancy outcomes among women with depressive disorder.
The second dataset was obtained from the Taiwan birth certificate registry. Birth certificates contain information on birthdates both for infants and for their parents, gestational week at birth, birth weight, sex, parity, birthplace, parental educational levels, and maternal marital status. In Taiwan, the government requires all births and deaths to be registered, with the birth certificate data considered to be very accurate and comprehensive.
With assistance from the Bureau of NHI in Taiwan, the mother and infant's unique personal identification numbers provided links between the NHIRD and birth certificate data. All personal identifiers were encrypted by the NHI before release to the researchers. Confidentiality assurances were addressed by abiding by the data regulations of the Bureau of NHI. As the NHIRD consists of de-identified secondary data released to the public for research purposes, our study was exempt from full review by the Institutional Review Board.
Study Sample
There were 473 529 women who had singleton live births in Taiwan between January 1, 2001, and December 31, 2003. If a mother had more than one singleton birth between 2001 and 2003, we selected only the first birth for our study sample. Out of 473 529 women, we identified 9536 who had been hospitalized or visited ACCs for treatment of depressive disorder (any International Classification of Diseases, Ninth Revision, Clinical Modification codes: 296.2, 296.3, 300.4, and 311) within 2 years prior to their index deliveries. The study sample included only patients either hospitalized or who had visited 2 or more ACCs for treatment of depressive disorder within the 2 years prior to their index deliveries, to ensure the validity of the diagnoses. Ultimately, 5283 women were selected as the study sample.
Variables of Interest
In Taiwan, the NHI recommends and provides 10 prenatal visits for all pregnant women, free of charge, to remove financial barriers to care and to reduce the risk of poor pregnancy outcomes. In our study, the key independent variable was the number of women seeking prenatal care visits. We categorized women regarding the number of prenatal care visits received into the following 3 groups: 10 or more, 8 to 9, and 7 or less, in accordance with a prior study 25 that explored the relation between inadequate prenatal care and adverse outcomes among pregnant women with schizophrenia in Taiwan.
Abbreviations
In our study, the outcome variables were dichotomous measures, including LBW (<2500 g, compared with ≥2500 g), preterm birth (<37 weeks, compared with ≥37 weeks), and SGA (birth weight below the 10th percentile for gestational age).
We have also adjusted for potential confounding factors in the regression modelling. These included the pregnant woman's age, monthly income, the urbanization level of her place of residence (using 5 standardized levels published by the Taiwan National Health Research Institute), her geographic location (Northern, Central, Eastern, and Southern Taiwan), marital status, and infant's sex and parity. Further, we also took comorbid chronic medical conditions, obstetrical complications, and substance abuse into consideration in the analysis. Comorbidites included arterial hypertension, diabetes, anemia, and CHD. Obstetrical complications were malpresentation, insufficient or excessive fetal growth, and placenta or previa abruption.
Statistical Analysis
The SAS statistical package, Version 8.2 (SAS Institute Inc, Cary, NC), was used in our study. Differences among the groups regarding the number of prenatal care visits (10 or more, 8 to 9, and 7 or less) and characteristics of infant and mother were examined using Pearson chi-square tests. Multivariate logistic regression analysis was also performed to compare the risk of LBW, preterm, and SGA births among mothers with depressive disorder relating to the number of prenatal care visits, adjusting for the woman's age, monthly income, the urbanization level of her place of residence, geographic location, her marital status, substance abuse, arterial hypertension, diabetes, anemia, CHD, malpresentation, insufficient or excessive fetal growth, placenta or previa abruption, and infant's sex and parity. A 2-sided P level of less than 0.05 was considered statistically significant for our study. Table 1 shows the distributions of demographic characteristics, chronic comorbid medical conditions, and obstetrical complications for women with a history of depressive disorder in relation to the number of prenatal care visits. Among the 3 levels of prenatal care, there were statistically significant differences in maternal age (P < 0.001), monthly income (P = 0.03), urbanization level of residential area (P = 0.01), geographic region (P = 0.05), marital status (P < 0.001), hypertension (P = 0.001), insufficient or excessive fetal growth (P < 0.001), placenta or previa abruption (P = 0.04), and infant's sex (P = 0.02) and parity (P < 0.001). No significant differences were observed among these 3 groups for diabetes, anemia, CHD, substance abuse, and malpresentation. 
Results
Discussion
We have demonstrated that in a large sample of pregnant women with a history of depression, women who had inadequate prenatal care had an increased risk of preterm delivery, SGA, and LBW infants. After adjusting for potential confounding factors, compared with their counterparts who received prenatal care 10 times or more, mothers with a history of depressive disorder who received prenatal care 7 times or less were 4.21, 5.37, and 2.41 times as likely to have LBW, preterm, and SGA babies, respectively.
To our knowledge, this is the first study addressing the relation between the number of prenatal care visits and birth outcomes in mothers with a history of depressive disorder. Our results may provide a possible explanation of contradictory results from previous studies on depression and birth outcomes; birth outcomes for pregnant women continued with a history of depressive disorder might be not only influenced by depression itself but also related to the quality of prenatal care received. In addition, we found that the relation between prenatal visits and adverse pregnancy outcome sustains in the mother with no history of depression, although their magnitudes are smaller than women with a history of depression. Mothers with no history of depression who received prenatal care 7 times or less were 2.11, 3.12, and 1.62 times as likely to have LBW, preterm, and SGA babies, respectively, compared with mothers with no history of depression who received prenatal care 10 or more times (not shown in tables). Therefore, all women, whether with a history of depression or not, would benefit from optimal prenatal care.
The exact reasons why less prenatal care is associated with poorer pregnancy outcomes in pregnant women with a history of depressive disorder are unclear. Poor births are associated with several known modifiable risk factors, and several of these risk factors may be mitigated or prevented with quality prenatal care. The effect may be a result of early diagnosis and timely treatment of pregnancy complications, or minimizing or eliminating the effect of modifiable risk factors. Prenatal care may promote healthier maternal behaviours, which in turn may have a beneficial effect on fetal growth and duration of gestation. It is likely that in pregnant women with a history of depressive disorder, prenatal care provides additional emotional support to stabilize mood, improve nutrition and general health, and decrease unhealthy lifestyles, including tobacco and alcohol use. 26 Depressed women who do not receive adequate prenatal care may likewise be less accessible to receive appropriate treatment for potentially modifiable risk factors, such as low pre-pregnancy weight, low gestational weight gain, cigarette smoking, and recreational drug use.
Our study has some limitations. First, administrative data are prone to a certain degree of coding errors and incomplete data, which may be random or contain systemic bias. Second, disease severity and depression status were not available in the database. Our data reflect only the quantity of prenatal care, but indicate nothing about the spacing of Original Research visits or the content, clinical adequacy, or quality of prenatal care. As our study did not examine the content of prenatal care, it was not possible to separate adverse effects resulting from inadequate use of effective prenatal care from patients resulting from adequate use of ineffective care. Another limitation of our study is the lack of certain risk factors known to produce adverse pregnancy outcomes. Although we have adjusted for the influence of some potential confounders, important risk factors are not presented in our database, such as education, smoking history, alcohol consumption, 27 nutrition, and other background variables for the database population. We were not able to control for maternal characteristics, such as unintended pregnancy or specific health behaviours, because this information was not recorded in the database.
Despite these limitations, our study has shown that the offspring of mothers with a history of depressive disorder who received less prenatal care visits had increased risk of LBW, SGA, and preterm birth, compared with the offspring of women receiving an adequate number of prenatal visits, even after adjusting for possible confounding factors. As mothers with a history of depressive disorder are known to make fewer prenatal visits than healthy mothers, it is important for health care providers to monitor and improve prenatal care in this group of women. More research is needed to find out why women with a history of depressive disorder receive less prenatal care and should incorporate parameters that reflect the qualitative aspects of prenatal care in addition to the number of visits. 
Résumé : Les soins prénataux et les résultats de grossesse indésirables chez les femmes souffrant de dépression : une étude nationale dans la population
Objectif : Évaluer la quantité de soins prénataux comme facteur de risque de donner naissance à des nourrissons de faible poids de naissance (FPN), prématurés, et petits pour l'âge gestationnel (PAG) dans un échantillon de femmes ayant reçu un diagnostic de trouble dépressif.
Méthode : Notre étude a utilisé un ensemble de données dans la population, la base de données nationale de recherche sur l'assurance-santé de Taiwan, que nous avons relié au registre des certificats de naissance de Taiwan pour identifier un total de 5283 nouvelles mères souffrant d'un trouble dépressif. Des analyses de régression logistique multivariée ont été effectuées pour mesurer le risque de donner naissance à des nourrissons FPN, prématurés et PAG, relativement au nombre de visites faites aux soins prénataux (10 fois ou plus, 8 à 9, et 7 fois ou moins) par les mères souffrant d'un trouble dépressif.
Résultats : Après ajustement, chez une femme, pour l'âge, le revenu mensuel, le niveau d'urbanisation du lieu de résidence, l'emplacement géographique, la situation de famille, l'abus de substances, l'hypertension artérielle, le diabète, l'anémie, la coronaropathie, la présentation anormale, la croissance foetale insuffisante ou excessive, la rupture du placenta ou praevia, et le sexe et la parité du nourrisson, les analyses de régression ont révélé que les mères ayant des antécédents de trouble dépressif qui ont reçu des soins prénataux 7 fois ou moins étaient 4,21 fois (IC à 95 % 3,34 à 5,32), 5,37 fois (IC à 95 % 4,33 à 6,67), et 2,41 fois (IC à 95 % 2,03 à 2,86) aussi susceptibles d'avoir des bébés FPN, prématurés, et PAG, respectivement, que les mères souffrant de trouble dépressif qui ont reçu des soins prénataux 10 fois ou plus.
Conclusions :
Les mères ayant des antécédents de trouble dépressif qui ont fait moins de visites aux soins prénataux étaient à risque accru de donner naissance à des bébés FPN, PAG, et prématurés, comparativement aux femmes ayant des antécédents de trouble dépressif qui ont fait un nombre adéquat de visites aux soins prénataux.
